Penicillin-nonsusceptible strains were isolated from 15% of 303 individuals with pneumococcal meningitis identified during a 4-year surveillance study in Salvador, Brazil. The estimated rate of coverage of the seven-valent conjugate vaccine was 74% among patients <5 years of age and 94% among those infected with nonsusceptible isolates, indicating that the use of conjugate vaccines may be an approach to the control of emerging penicillin resistance in Brazil.
Pneumococcal disease is responsible for over 1 million deaths each year in children under 5 years of age (22) . Its public health impact has been further compounded by the global emergence of penicillin-resistant Streptococcus pneumoniae (1) . Resistant strains have been isolated in all continents (1) and in several countries; over 50% of the clinical isolates demonstrate high-level resistance to penicillin (7, 19) .
With the emergence of penicillin resistance, it is ever more urgent that surveillance be implemented in developing countries, where conditions of poverty contribute to an already large burden of pneumococcal disease (25, 26) . In Latin America, surveys of reference collections of isolates (13, 24) and laboratory-based surveillance (2, 3, 5, 15) have documented penicillin resistance in up to 20% of clinical isolates. However, significant variabilities in antimicrobial susceptibility and serotype patterns have been observed between and within countries (2, 3, 15) . These findings may be due, in part, to regional differences in case ascertainment and isolation procedures (12) and emphasize the importance of population-based information in guiding antibiotic control strategies and national vaccine policies.
Active surveillance for pneumococcal meningitis was established at the state infectious disease hospital in the city of Salvador, Brazil. The state health secretary requires that suspected cases of meningitis from the metropolitan region be referred to that hospital, and more than 95% of the reports of meningitis from the region are reported from that site (secretary of health for the state of Bahia, unpublished case notification records). Therefore, patients referred to that hospital represent patients with population-based cases of meningitis occurring in this city. Between December 1995 and November 1999, 317 patients were consecutively identified with cerebrospinal fluid cultures positive for S. pneumoniae, as determined by morphology on Gram staining of smears, susceptibility to optochin (Difco Laboratories, Detroit, Mich.), and bile solubility (BBL Microbiology Systems, Cockeysville, Md.). After enrollment of patients by protocols approved by the institutional review boards of the Brazilian Ministry of Health and Weill Medical College of Cornell University, information on the demographic characteristics and the clinical presentations of the patients was obtained for 305 patients (97% of 317 patients) during interviews or medical chart review. On the basis of the fact that 140 patients who resided within the municipal borders of Salvador (population in 1996, 2,211,467) (14) had pneumococcal meningitis, the annual incidences of pneumococcal meningitis were 1.6 and 24.7 per 100,000 person-years for all age groups and children Ͻ5 years of age, respectively. The overall mortality rates were 42% (127 of 305) for all patients and 60% (92 of 153) for those Ͻ5 years of age.
Among 303 isolates tested by the broth microdilution method (21) , 46 (15%) were penicillin nonsusceptible (MICs, 0.125 to 1.0 g/ml) and all were susceptible to cefotaxime (Table 1 ). Patients Ͻ5 years of age had a greater chance of being infected with penicillin-nonsusceptible isolates than those Ն5 years of age (35 versus 9%, respectively; odd's ratio The 303 isolates were distributed among 29 serogroups and 43 serotypes, as determined by the capsular swelling method with type-specific antisera (Centers for Disease Control and Prevention, Atlanta, Ga.) ( Table 2 ). Among isolates from 145 patients Ͻ5 years of age, none were serotype 1 and 2.7% (4 of 145) were serotype 5, whereas serotype 3 was isolated from 2.1% (3 of 145) of the patients. In patients Ͻ5 years of age, 74, 77, and 82% were infected with isolates with serotypes that are represented in the 7-, 9-, and 11-valent conjugate vaccines, respectively (Table 2) .
Penicillin-nonsusceptible isolates were restricted to six serotypes:
, and 23B (n ϭ 1 [2%]). Serotypes 14 (OR, 18.3; 95% CI, 8.5 to 39.3) and 6B (OR, 3.7; 95% CI, 1.6 to 8.6) were associated with decreased sensitivity to penicillin (P Ͻ 0.05). Among the 35 penicillinnonsusceptible isolates from patients Ͻ5 years of age, 94% (33 of 35) had serotypes represented in the three conjugate vaccines.
The finding that a significant (15%) proportion of cases of pneumococcal infection identified during population-based surveillance were due to penicillin-nonsusceptible pneumococci has important implications for the treatment of pneumococcal meningitis in Brazil. Penicillin, often in combination with chloramphenicol, is the recommended empirical treatment regimen for meningitis (9) . The current consensus is that penicillin and chloramphenicol are not adequate for the treatment of meningitis caused by resistant pneumococci, even when strains demonstrate intermediate-level resistance (4, 8, 16) . In the present study, all penicillin-nonsusceptible isolates were susceptible to cefotaxime, indicating that an extendedspectrum cephalosporin alone may be an appropriate alternative treatment for penicillin-resistant pneumococcal meningitis and empirical, initial therapy for suspected bacterial meningitis.
Our findings on serotype distributions support those from laboratory-based surveys in Brazil (2, 5, 24) , indicating that a limited spectrum of serotypes is responsible for invasive pneumococcal disease (10, 15, 17) . However, the pattern of predominant serotypes observed in the present study differs from those reported in other regions in Brazil (2, 24) and other a Results are shown for the 291 isolates for which information on patient's age was recorded.
b -, no isolates were identified. c Other types include 18B (n ϭ 3), 28A (n ϭ 3), 7B (n ϭ 3), 7C (n ϭ 3), 9V (n ϭ 3), 10F (n ϭ 2), 16 (n ϭ 2), 21 (n ϭ 2), 34 (n ϭ 2), 35B (n ϭ 2), 1 (n ϭ 1), 12F (n ϭ 1), 15C (n ϭ 1), 18A (n ϭ 1), 22F (n ϭ 1), 24F (n ϭ 1), 27 (n ϭ 1), 28B (n ϭ 1), 35A (n ϭ 1), 35F (n ϭ 1), 38 (n ϭ 1), and 48 (n ϭ 1). countries in Latin America (3, 13) . Whereas serotypes 1 and 5 account for 8 to 12% of isolates from pediatric patients in other Brazilian cities (2), Chile (18) , Colombia (3), and Uruguay (13), these serotypes were found in less than 3% of isolates from pediatric patients in Salvador. These differences may be due, in part, to true geographical differences in serotype prevalences, but they most likely reflect differences in surveillance methodologies and the patient populations sampled (11, 12) .
On the basis of the results of the present surveillance study, 74% of the patients Ͻ5 years of age with pneumococcal meningitis were infected with isolates with serotypes represented in the seven-valent conjugate vaccine; this proportion is similar to that found for pediatric patient groups in the United States and other countries (23) . Furthermore, conjugate vaccines may have an important additional benefit in reducing the transmission of antibiotic-resistant strains. In our study, 94% of the penicillin-nonsusceptible isolates from pediatric patients were restricted to four serotypes (serotypes 14, 6B, 23F, and 19F). These serotypes are represented in conjugate vaccines that have been shown to be effective in reducing nasopharyngeal carriage of antibiotic-resistant strains with serotypes covered by the vaccines (6, 20) . In developing countries like Brazil, the significant burden associated with the treatment of penicillinresistant pneumococcal disease in the future may justify serious consideration of the use of efficacious, albeit costly, conjugate vaccines. We are grateful to Edilane Gouveia, Ricardo M. Pinheiro, Guilherme de Souza Ribeiro, and Tatiana Silva Lôbo (Centro de Pesquisas Gonçalo Moniz, Fundação Oswaldo Cruz/MS) for epidemiological data collection; Neide Oliveira Silva (Hospital Couto Maia) for technical assistance with pneumococcal culture isolation; the clinical staff of Hospital Couto Maia for cooperation; Brendan Flannery and Amee Manges for the review of the manuscript; and Warren D. Johnson, Jr., and Lee W. Riley for critical advice during implementation of the study.
